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^iPPPBRSTVE A^m AWTTNFT.AMMATQRY ACTIVITY 

The present invention refers to hydroxamic 
derivatives of f luorenylaminoacids and their use as 
immunosuppressant and antinf lammatory agents. 

Since long the f luorenylaminoacids have been known 
5 as intermediates in the peptide synthesis, and recently 
they were found also to be endowed with ant inflammatory 
activity. Patent application WO 90/15602 describes 
pharmaceutical compositions useful in the treatment of 
inflammatory diseases, containing a N- [ ( 9H-f luoren-9-y 1- 
10 methoxy)carbonyl]-aminoacid as active ingredient, while 
patent application WO 91/18596 discloses pharmaceutical 
compositions containing fluorenyl compounds derivatized 
with a lipophilic amino acid or an alcohol, an amide or 
an ester derivative thereof. Further, patent application 
15 WO 93/11764 relates to f luorenyl-der ivates of 
antinf lammatory aminobenzoic acids. 

It has been now surprisingly found that the 
antinflammatory activity of the f luorenylaminoacids 
dramatically increases as the compounds are derivatized 
20 with hydroxamic acids, thus also yielding an 
immunosuppressive activity. 

Therefore the present invention refers to compounds 

of formula I 
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I 



O NH-A-C-NHOH 

II 

O 

wherein n is an integer from 0 to 3; and R 2 are 

10 independently hydrogen, methyl, (C 2 - 4 )alkyl, halogen, 
hydroxy, hydroxymethyl , hydroxy ( C 2 ~ 4 ) alkyl , (C 1 ~ 4 )al- 
koxy; 

A is methylene, linear or branched ( C 2 _ 6 )alkylidene , 
Phenyl-methylidene, phenyl ( C 2 _ 6 ) alkylidene , phenylene, 

15 naphthylene; and their diastereomers and enantiomers and 
the mixture thereof . 

A (C 1 _ 4 )alkyl group essentially identifies methyl, 
ethyl, propyl, i-propyl, butyl, 2-methyl-propyl , and a 
(c 2-6 ) alkylidene is, e.g., ethylidene, propylidene, 

20 butylidene, isobutylidene , 2-methyl-butylidene , hexyli- 
dene, 2 , 3-dimethyl-butylidene and the like. Finally, an 
alkoxy group identifies methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, 2-methylbutoxy and tert-butoxy. 

The compounds of formula I may be prepared starting 

25 from a compound of formula II 
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25 



30 




II 

R 2 

| 2 n o 

O NH-A-C-OH 

V 

ii 

o 

wherein R x , R 2 , A and n are as described above, which is 
reacted with stoichiometric or slightly exceeding 
amounts of a carboxylic acid activator such as 1,1- 
carbonyldiimidazole, at a temperature varying from about 
-10 *C to about 40 *C, for about 2-48 hours, in the 
presence of etheric solvents such as tetrahydrof uran , 
1,4-dioxane, diglyme, or in aprotic dipolar solvents 
such as dimethylformamide. The so activated compound of 
formula II is added with a stoichiometric or slightly 
exceeding amount of hydroxylamine hydrochloride, and the 
mixture is left to react at a temperature between about 
0 and about 30 *C, for about 1-20 hours, optionally in 
the presence of an equivalent of a tertiary organic base 
such as triethylamine or pyridine. The products of 
formula I thus obtained may be isolated and purified 
through techniques known by those skilled in the art. 

Where in the compound of formula II R x and/or R 2 
are groups prone to react with the reactants used to 
prepare the compounds of formula I , said groups are 
suitably protected before such reaction and deprotected 
at the end of the same according to the teachings of the 
art (cfr., for example, T.W. Greene and P.G.M. Wuts - 
"Protective groups in organic synthesis", 2* ed. , J. 
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Wiley & Son, 1991 ) . 

The compounds of formula II are known and/or 
commercially available products, the synthesis of which 
is described or deducible from the literature. See, for 
5 example, patents US-3.835.175 and US-3 . 906 . 031 . 

The preparation of the compounds of formula II 
implies obtaining an alcohol intermediate, the synthesis 
of which varies in view of the meaning of n. 

When a compound of formula II wherein n=l is 
10 desired, its synthesis starts from 9H-fluorene which, 
for example, is condensed with a suitable formic acid 
ester in the presence of a base such as sodium ethoxide, 
sodium hydride or sodium amide, and subsequently the 
aldehyde intermediate is reduced to yield the 
15 corresponding alcohol of formula (III) 



20 




III 



wherein and R 2 are as above, and n is 1 . 

25 Alternatively, 9H-fluorene may be directly 

condensed with formaldehyde in the presence of a strong 
base such as sodium hydride, sodium ethoxide or sodium 
amide, to yield the alcohol derivative III wherein n=l. 

When a compound of formula II wherein n=0 is 

30 desired, 9-fluorenone is employed as reactant, and is 
reduced, for example, with a alkali metal hydride such 
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5 

as sodium borohydride or lithium-aluminium hydride, to 
provide an alcohol derivative of formula IV 



wherein 1^ and R 2 are as defined above. 

Finally, if a compound of formula II wherein n is 2 
or 3 is desired, the synthesis starts from the 
corresponding 9-f luoren-alkanoic acid of formula V 



wherein R 1 and R 2 are as above and m is 1 or 2. Said 
acids are known as commercially available or described 
by the literature (cfr. Gualtieri F., J. Med. Chem. , 28, 
No. 11, 1621-1628, 1985). The acid of formula V is 
reduced with a suitable reducing agent such as lithium- 
aluminium hydride, to yield the alcohol derivative of 
formula III 




IV 
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III 



wherein R^ and R2 are as above, and n is 2 or 3. 

If required, the insertion of the substituents R 1 
10 and R 2 may be carried out using known procedures, for 
example, by direct alkylation or halogenation . 

Using techniques generally known by the skilled 
artisan, the alcohol derivative of formula III or IV is 
converted in an intermediate of formula VI 

15 



20 




VI 



11 



wherein R 1 , R 2 and n are as defined above, and X is a 
leaving group which may be easily displaced by the 

25 nucleophilic nitrogen atom of an amino acid, for example 
an halogen atom, particularly chlorine or bromine, a 
lower alkoxy, mercapto, alkyl-mercapto group or 
succinylimidoyloxy . The latter is reacted with an ammo- 
carboxy acid of formula VII 

30 NH 2 -A-COOH VII 

wherein A is as defined above, to give the compound of 
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formula II. When the leaving group X is a halogen atom, 
particularly chlorine, the reaction is advantageously 
carried out in a polar organic solvent such as dioxane, 
tetrahydrofuran, dimethylf ormaraide or pyridine, under 
5 alkaline, preferably mild, conditions, and at low 
temperature, for example from about O'C to about 25'C, 
for a period of about 2-3 hours. In the case of other 
leaving groups X, a higher reaction temperature, for 
example of about 25-50'C, and longer reaction times, for 
10 example from about 8 to about 48 hours could be 
necessary. Generally, the compounds of formula II 
precipitate from the reaction mixture and may be 
purified, for example, by crystallization. 

The 1 H-NMR spectra were made in dimethylsulphoxyde 

1 3 

15 (DMSO) with a VARIAN GEMINI 200 spectrometer. The C- 
NMR spectra were made using a VARIAN GEMINI 200 
spectrometer (reference: 39.5 ppm peak of DMSO). 

EXAMPLE 1 Ct-~l5l' jCIorf^H ■' 

? -\ ( Fluorgn-Q-vl ImAthnvvrarhnnvl ami nol -4-mef hV 1 -pfintane 

20 hYdroxann f acid 

1.5 g (4.25 mmoles) of N-[ ( f luoren-9-yl )methoxycar- 
bonyl]-(L)-leucine (Nova Biochem 04-12-1025, NPC 15199; 
WO 90/15602, Example 2) was dissolved in 17 ml of dry 
tetrahydrofuran ( THF ) and added, at 0*C, with 826 mg 
25 (5,1 mmoles) of 1 , 1 ' -carbony ldiimidazole (CDI). The 
mixture was left at room temperature per 10 hours, then 
added with 443 mg (6.37 mmoles) of hydroxylamine 
hydrochloride and left at room temperature for 16 hours. 
20 ml of water were then added thereto, the liquor was 
30 saturated with sodium chloride, the phases separated and 
the organic one washed with brine (2x20 ml), then dried 
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over sodium sulfate and filtered. Evaporating the 
solvent under reduced pressure, a crude was obtained 
which was suspended under stirring in 20 ml of ethyl 
acetate for 4 hours, then filtered and dried to yield 
5 900 mg t of the title product. 

m.p.. = 153*C (ethyl acetate). 
Elemental analysis C H N 

calculated 68.46 6.57 7.60 

found 68.15 6.51 7.72 

10 iH-NMR: s ( 1H ) 10.16; s ( 1H ) 8.85; d (2H) 7.91; d ( 2H ) 

7.75; d (1H) 7.57; m ( 4H ) 7.47-r7.30; m (3H) 

4.25; m (1H) 4.00; m (3H) 1.70-5-1.31; d ( 3H ) 

0.90; d (3H) 0.86. 
13 C-NMR: 169.14; 156.05; 144.21; 144.05; 140.97 (2C); 
15 127.91 (2C); 127.33 (2C); 125.64 (2C); 120.37 

(2C); 65.89; 51.00; 46.93; 41.13; 24.42; 

23.10; 21.96. 

EXAMPLE 2 

T ( Fluoren-9-vl ) me t hox vcar bon v lamino 1 -ace to-hvdroxamic 
20 acid 

Substantially following the steps of Example 1, 
starting from 2 g (6.7 mmoles ) of N- [ ( f luoren-9-yl ) - 
methoxy-carbonyl ] -glycine (Nova Biochem 04-12-1001, NPC 
14692) dissolved in 27 ml dry THF , 1.32 g (8.1 mmoles) 
25 of CDI and 698 mg (10 mmoles) of hydroxy lamine 
hydrochloride, 800 mg of the title product were 
obtained . 

m.p. 132 # C dec (ethyl acetate) 
Elemental analysis C H N 

30 calculated 65.38 5.16 8.97 

found 66.73 5.06 8.80 
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1H-NMR: s (1H) 10.49; S ( 1H ) 8.80; d ( 2H ) 7.90; d ( 2H ) 
7.73; t (1H) 7.58; tn (4H) 7.474-7.30; m ( 3H ) 
4.26; d (2H) 3.53. 
13 C -NMR: 166.32; 156.68; 144.12 (2C); 140.97 (2C>; 
5 127.90 (2C); 127.56 (2C); 127.34 (2C); 125.54 

(2C); 120.37 (2C); 65.99; 46.49; 41.60. 

EXAMPLE 3 

n? -T-ps^rhvi- f y^T-^-Q-vi > m< »rhoxYcar^nYlamino1-4- 
mfr ^ y i -pent ane-hYdror ami c ac i d 
10 Starting from 1.25 g (3.28 moles) of N-[<2,7- 

dimethyl-f luoren-9-yl )methoxycarbonyl ]- ( L ) leucine (WO 
91/18596, Example 26; NPC 15669), dissolved in-20 ml of 
THF, 640 mg (3.9 mmoles) of CDI and 342 mg (4.9 mmoles) 
of hydroxylamine hydrochloride, and substantially 
15 following the procedure of Example 1, 980 mg of the 
title product were obtained, 
m.p.. = 146-147'C (ethyl acetate). 
Elemental analysis C H H 

calculated 69.68 7.12 7.07 

20 found 68.69 6.97 6.92 

1H-NMR: s (1H) 10.63; s ( 1H ) 8.81; s ( 1H ) 7.73; s (1H> 
7.69; d (1H) 7.56; d (2H) 7.52; d ( 2H ) 7.21; m 
(3H) "4.31*4.06; m ( 1H ) 3.97; s ( 6H ) 2.39; m 
(3H) 1.68^-1.29; d ( 3H ) 0.90; d (3H) 0.87. 
169.12; 156.06; 144.35; 144.08; 138.45 (2C); 
136.21 (2C); 128.52 ( 2C ) ; 126.14 ( 2C ) ; 119.72 
(2C); 66.02; 51.01; 46.66; 41.20; 24.25; 
23.09; 21.99; 21.49 ( 2C ) . 



25 1 3 C-NMR 



30 



EXAMPLE 4 




acid 
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A] 5 g (22.3 mmoles ) of 9-f luoren-acetic acid 
(Aldrich) in 160 mi of THF , were added, at 0°C, 
with 1.7 g (44.6 mmoles) of lithium-aluminium 
hydride, then the reaction mixture was left at 25 *C 
over night, treated with 0.47 ml of water, 1.27 ml 
of 20% sodium hydroxide, then again with 4.9 ml of 
water. The formed salts were filtered off, and the 
organic phase was dried under reduced pressure and 
gave 4.85 g of a crude which was purified by flash 
chromatography (eluent ethyl acetate/hexane 3:7) 
and gave 2.5 g of 2- ( f luoren-9-yl )-ethanol . 
B 3 2.5 g (11.9 mmoles) of the compound under A], in 
120 ml of acetonitrile , were sequentially added 
with 4.57 g (17.9 mmoles) of N , N ' -disuccinimidyl 
15 carbonate and 0 . 9 ml (11.3 mmoles) of pyridine. The 

mixture was left at 25*C for 30 hours, then dried 
under reduced pressure at cold temperature. The 
crude was dissolved in 100 ml of ethyl acetate, 
washed with IN hydrochloric acid (2x50 ml), and the 
20 organic phase was dried over sodium sulphate and 

dried under reduced pressure at cold temperature to 
yield 4.8 g of N- [2- ( f luoren-9-yl )ethoxycarbony- 
loxy]-succinimide which was used as such in the 
next step. 

25 C J A solution of 1.63 g (11.9 mmoles) of sodium 
carbonate in 24 mi of water was added with 1.63 g 
(11.9 mmoles) of 4-amino-benzoic acid and 4.8 g of 
the crude under B] dissolved in 24 ml of dioxane . 
After 3 days under stirring at room temperature, 

30 100 mi of THF were added therein and, after 

saturation with sodium chloride, the phases were 
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separated and the organic one was dried after 
washing with brine (2x50 ml) and drying over sodium 
sulphate. The resulting solid was suspended in 
ethyl acetate, filtered and dried to yield 2.95 g 
of 4 _[2-(fluoren-9-yl)ethyloxy-carbonyl]amino- 

benzoic acid. 

D] 2.95 g (7.9 mmoles) of the compound under C] were 
dissolved in 32 ml of dry THF and treated 
substantially according to the procedure of Example 
1, with 1-53 g (9.4 mmoles) of CDI and 825 mg (11.8 
mmoles) of hydroxyzine hydrochloride. At the end 
of the reaction a deposit formed and was filtered, 
dried and suspended again in IN hydrochloric acid 
under stirring for 10 hours. The suspension was 
washed with water and dried to yield 550 mg of the 
title product, 
m.p. 200-203'C (water) 

Elemental analysis c H N 

calculated 71.12 5.12 7.21 

20 found 69.10 5.13 7.12 

1H-NMR: s (1H) 11.04; S ( 1H ) 9.87; s (1H) 8.93; m ( 2H ) 
7.92; m ( 4H ) 7.73*7.64; m ( 6H ) 7.53*7.33; t 
(1H) 4.17; t (2H) 4.05; m ( 2!I ) 2.36. 
13 C -NMP.: 164.27; 153.56; 146.47 ( 2C); 142.03; 140.64 
(2C); 123.00 ( 2C ) ; 127.53 ( 2C ) ; 127.45 ( 2C ) ; 
12*. 72; 124.79 ( 2C ) ; 120.40 ( 2C ) ; 117.68 ( 2C ) ; 



15 



25 



62.12; 44.07; 31.96. " . C, 

EXAMPLE 5 

? . nF1l1 nr C n-d- v i ^orv.nvvcarhonvlamir . nl-Vpnftr . y^-P^QPane- 

30 fryriroyammi c acid 

3 g of N-[(fluoren-9-yl)methoxy-carbonyl]-(L)phe- 
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nylalanine (Nova Biochem 04-12-1030; WO 90/15602, 
Example 1) in 31 ml of dry THF were treated 
substantially following the procedure of Example 4,D] 
with 1.5 g (9.2 mmoies ) of CDI and S00 mg (11.5 mmoles) 
5 of hydroxylamine hydrochloride to yield 1.5 g cf the 
title product . 
m . p . 185 *C dec 

Elemental analysis C H N 

calculated 71.63 5.51 6.96 

10 found 71.44 5.59 6.94 

-H-NMR : s (1H) 10.73; s (1H) 8.88; d ( 2H ) 7.91; d ( 1H ) 

7.77; m (2H) 7.68; m ( 9H ) 7.47-^7.18; m (2H) 

2.90. 

13 C-NMR: 168.40; 155.95; 144.03 ( 2C ) ; 140.92 (2C); 
15 138.27; 129.49 ( 2C ) ; 128.36 ( 2C ) ; 127.91 (2C); 

127.33 (2C); 126.58; 125.61 ( 2C ) ; 120.36 (2C); 
65.98; 54.29; 46.82; 37.96. 
As already said above, the compounds of formula I 
showed to be endowed with immunosuppressive and 
20 antinf lammatory activity. 

Test 1 

The immunosuppressive activity of the present 
compounds was evaluated by the test of the mixed 
lymphocitary response, as follows. 

25 Spleens were taken from Balb/C and DBA/2 mice. The 

splenocytes was suspended in a culture medium (RPMI 
1640, 50 pg/mi of gentamicin, 2 mM giutamine, non 
essential amino acids, sodium pyruvate, 10-5 p- 
mercaptoethanol , 5% bovine foetal serum, 10 mM Hepes) at 

30 a concentration of 5x105 cells/ml. 0.1 ml of splenocytes 
Balb/C was placed in 96-well plates with 0.1 ml of 
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splenocytes DBA/2 in a ratio of 1:1 stimulator /receptor . 
At time 0, some compounds of the invention and of the 
prior art were added at a concentration of from 3.12 to 
100 pM, and the plates were placed in an incubator at 
5 37°C under 5% of carbon dioxide. After 3 days the cells 
were labelled with tritiated thymidine (1 pCi/well) for 
IS hours, then the radioactivity was evaluated by a 
"cell-harvester 11 and a p-counter. 

The results are shown in the following Table as 
10 concentration inhibiting of 50% the immune response 

(ic 50 ). 

_ TABLE .. 

Example IC 50 (pM) Prior art compound IC 5C ^ M ^ 



5.4 NPC 15199 53.5 



15 2 8.6 NPC 14692 >100 



2.1 NPC 15669 50.7 

0.6 NPC 16570 9.6 



13.3 Nova Biochem 04-12-1030 51.5 



legenda : 

20 NPC 15199 = N-( f luoren-9-yl )methoxycarbonyl-( L)-leu- . 

cine (WO 90/15602, Example 2) 
NPC 14 6 92 = N- ( f luoren-9-yi ) -methoxy-carbonyi -glycine 

(WO 90/156C2, Nova Eiochem 04-12-1001) 
NPC 15669 = N- ( 2 , 7-dimethyl-f luoren-9-yl )methoxycar- 
25 bonyl(L) leucine (WO 91/18596, 

Example 26 ) . 

NPC 16570 = 4-[2-( f luoren-9-yl ) ethyloxy-carbonyl ] ami- 

nobenzoic acid (WO 93/11764, Example 7). 
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Nova Biochem 04-12-1030 - N- [ ( f luor en-9-yl ) me thcxy-car- 
bonyl ] - ( L ) phenylalanine (WO 90/15602, Example 1) 

Test 2 

The ant inflammatory activity of the compounds cf 
5 the invention was evaluated by the test of the 
polymorphonuclear leukocyte adhesion to endothelial 
cells, as described her e inbe low . 

The polymorphonuclears ( PMN ) were obtained by 
separation from the blood cf a healthy donor through 
10 sedimentation with Eufusin (Sthoil Farmaceut ici ) 
followed by lysis cf the erythrocytes with a solution cf 
ammonium chloride. The PMN thus obtained were labelled 
with 51Cr (total incorporation = 12. 3031377 cpm) and 
pre-treated with the compounds of the invention and of 
15 the prior art (each at a concentration of 100 pM, 
diluted in a medium containing 10% calf foetal serum and 
0.1% DMSO) for 20 minutes at 37 # C, then activated with 
1000 U/ml of TNF for the following 10 minutes, finally 
were placed on the monolayer of endothelial human cells 
20 ("Human Umbelical Vein Endothelial Cell from 2nd to 4th 
passage) in 96-well plates, and incubated at 37°C with 
5% C02. After 15 minutes, the not adhered PMN were 
removed and a solution of IN sodium hydroxide was added 
to each v/ell to remove the adherent PMN. The 
25 radioactivity cf the lysate was measured by a x-counter 
ed expressed in cpm (count per minute). 

The inhibition percentage of the cellular adhesion 
was calculated according to the following formula: 

cpm compound 

30 100 x 100 

_ cpm control 
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wherein the control is the culture treated with 7NF and 
medium containing 10% calf foetal serum and 0.1% DMSO 
only . 

The compounds of the invention showed an inhibition 
5 of the cellular adhesion of about 70-90%, whereas the 
ones of the prior are of about 40-60%. For example, the 
compound of Example 3 provided an inhibition percentage 
of 77.4%, and the corresponding compound of the prior 
art, NPC 15669, of 58.2%. 

10 Test 3 

The toxicity of the compounds of the present inven- 
tion was evaluated by an acute toxicity model in mouse 
after intraperitoneal administration. For example, The 
compound of Example 1 showed a LD50 >500 mg/kg whereas 

15 the corresponding compound of the prior art, NFC 12199, 
has a LD^q = 268 mg/kg. 

In view of what above, the compounds of the inven- 
tion showed to be useful in pathologies such as graft 
versus host disease, atopic and contact dermatitis, 

20 osteoarthritis, psoriasis, rheumatoid arthritis, 
glomerulonephritis, irritable bowel syndrome, lupus 
erythematosus, scleroderma, asthma, and, in general, all 
of those pathologies stimulating the lymphocitary 
response, or which are characterized by an inflammatory 

25 phenomenon. 

Object of the invention is also the use of the com- 
pounds of formula (I) as immunosuppressant and antin- 
flammatory agents, and the industrial aspects connected 
to said use, comprising their incorporation into pharma- 

30 ceutical compositions. Examples of pharmaceutical compo- 
sitions are tablets, sugar- and film-coated tablets, sy- 
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rups, creams, ointments, suppositories, and phials, the 
latter being suitable both for the oral and the intramu- 
scular or intravenous administration. They contain the 
active principle alone or in combination with common 
5 pharmaceutical^ acceptable carriers and excipients. 

The dosages of active principle used to relieve and 
heal the inflammation may vary within wide limits 
according tc the nature cf the compound employed, of the 
pathology and cf the condition of the patient (sex, age, 
10 general physical condition). 
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1. Compounds of formula I 



5 




I 



O NH-A-C-NHOH 

It 

o 

wherein n is an integer from 0 to 3; R-^ and R 2 are 
independently hydrogen, methyl, (C 2 _ 4 )alkyl, halogen, 
hydroxy, hydroxymethyl , hydroxy(C 2 _ 4 )alkyl, ( c i_4 )alko- 
15 xy; A represents methylene, linear or branched (C 2 _ 6 )al- 
kylidene , phenyl-methylidene , phenyl ( C 2 _ 6 ) -alkylidene , 
phenylene, naphthylene; and their possible diastereomers 
and enantiomers and the mixtures thereof. 

2. Use of the compounds of formula I for the 
20 preparation of a medicament useful in the treatment of 

inflammation, and when an immunosuppressant is 
requested . 

3. Pharmaceutical compositions containing as active 
ingredient at least one of the compounds of formula I, 

25 together with pharmaceutical^ acceptable excipients . 
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